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Abstract of JP1 11 50296 
PROBLEM TO BE SOLVED: To prolong a 
service life of a nitride semiconductor element 
and improve the reliability of the element by 
improving the quality of a p-type conductive 
layer, which the cost of the element is reduced 
and the productivity of the element is improved 
by making a heat treatment after the growth 
unnecessary. SOLUTION: A nitride 
semiconductor laser is constituted, by 
successively forming an undioped GaN base 
layer 12, an n-type GaN contact layer 13, an n- 
type AlGaN current injecting layer 14, a GaN 
light guide layer 15, an InGaN active layer 16, 
a GaN optical guide layer 17, a p-type AlGaN 
current injecting layer 18, a p-type Gan contact 
layer 19, and a p-side electrode 22 on a 
sapphire substrate 11. The surface oxygen 
concentration of the p-type GaN contact layer 
19 is set to <=5* 10<18> cm<-3> . and the 
maximum value of the oxygen concentration 
near the surface of the layer 19 is set to a 
quintuple of the in-surface average oxygen 
concentration of the layer 19 or lower. 
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nmm] mfct. mm&±i>znmwjs.ztuzwst. 

k, 

p a-fk^ft^swwii^^** p raw® fc • 

Tcifik LT^tf n SM&ft¥ttfMI k » 

iWr < k i> MIS p illffiffi* 1 ^ Itfie p SHk^Bo^ttilM 

fjiapffi-fk-^^**®^®^^* 5 ^^^^^ 
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< k h mi p mra* tiff a p m-itism^mfomML 
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P n As,.,., (OSx, O^y. O^z. O^x + y 
+ 2 gl, 0<m, O^ru 0<m+n^l) 

&< b fc ngHs*££3rLaS£fii&7nff§k LT*trtfc* 

!ftimifwis»jjc-f 4xek , P seas Las 

wMpm{mttLmmzffif$.fcmb Lx-sts^m* 
ktpflK-^Mfittffcryt-T <nh 

3 ) StfCO. C0 2 OiffigO. 1~ 
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f&jtmb ^x&tsfa^wmwmzm&thiMb 

mipm&mzmLmmzmii&tmb tx-ttsikk®* 
mwm^mm-hiLmi. ^m^msm^mzj: y . 

iJ'-'5r< b i> plh'-^yb WBMtf £ ry^-T (nh 

3 ) §r-&tfJS*MX, (H 2 ) «K1 vol ppb 
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^ttpIK-^hffl. (NH 3 ) 

zmuLfzmmiffi&omt vx&wt&mtmftmz 

m. VTtfxzmfe&fm. m^w^x^-r^ 
*». x«»aifflrc«i&u Hir!Bie<7)-gi5xi2£ie 

WLaSISrflflfcTcSk LT-StMfc^WNWHik . *Sb 
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ivatmi 2] mfiEpaF-^->hJEWi. war??"* 

v">2> (Mg) tt^T&&i££«mfct-sii*il 
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¥#f*cjfj: otBuiES^t-^^a^^^^. as 

i>lufEp ffll«ffi*»4> friEpSf-ft^iBj^fMiMt/fc: nl 
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N m P n Asi-..„ (OSx, O^y. OSz, O^x 
+ y + zSl. 0<nu OSn. 0 <m+ n ^ 1 ) f$> 
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mm*m®jmt Lx^wt^?mvfm*mm-h± 

R3fit*afc:*JV^T. «rffipS^|t*:*UH*&««7C« 

JMIAJI&fcJ: 9 . ^< t tplF-AVMIW 
izry^-T (NH 3 ) 2r-^tf^4^X, S^CO, C 
0 2 <7)>ftg0. 1 — 10 vol PPbOTlcffiKSftttSfcfi 
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[ 0 0 3 2 ] 4*:. *JMB (IW^5 ) SttLhfc. 

m.mzm&jmb LT*tMfr&tt¥#fMtem-r*x 

tCTV^-T (NH, ) fc-SftfWHtf*, (H 
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OOJTF. fit I n^ttfltt^ft^Wi3 0 

000 jaTrff fcit* i 1 3&*a* l^. 

[0 0 34] pM{E^£*LaSS£fftJ£7C*kL 

teU «EEH«)HKXJ±AXafc:*JV^'rT>' j e-rfc 
[00 3 5] pSf£#^tS«^^7C«^L 
TJE&fcU IWEpiHfi»t*-^*««iB«SJEW*"*X 

tiBffljas-efl«&-r6xss:K»t*i t**a* u^. 

[00 3 6] 4fc. pfiK-^^MICRtt. Wl^* 
l/^h. ( M g ) -ft "ra^T'S) & .1 i; fr'M4 LV*. 

[ 0 0 3 7 ] 4 ft . BfS^fia k f 4 3 0 IWaJtC 1 "SHEl 
l*l}:L, fflraE0fSiftKk{43 0 0'CliLtT'^*?SJgmT 

rtf<7)@Ml^aR^o-7TOi:-n.^i:* i a4 L 

[00 38] 4*. (ff*JS9) (4, SSLhtc. 

4-=5r< i: t nSfE^£*LaSt£f§)£7CSgi: UT*tHt 
■^WmW** i: , p mm Sr * LSS 2r IS/Stc^ t LX 
■SMt^Wtmitm b.W&b oSMHf JtSrfllifcSHt; 
!ftjR*Slft*fte*J^'C. «iaWLLlc«WBBM£**ifc 
«R£>afl3fij3R¥3«WBtf> 5 *> . P SfsSI 

-f h mm* ^tMt-^N^ftS^SSlffi^ p M^jd^co 

1 0 0 OfSUiTT fo&Z bZimb-tk. 

[ 0 0 3 9 ] 4fc. #»PJ Mpm 1 0 ) (i, s«± 

trtfc^flMNMWB k , pg£* Sr* La*£«MUc*fc 



g-ft^^^^^iOtSji^ftfcfc^-C .Wktp 
ik-avms. ry^-r (nh 3 ) &-£tfiBB# 

g-cftteu luiExsw-gRXJi^xetcfc^-rry^ 

-T £ b ZftWib -th . 
[0040] 4fc, *«IB <i**JHl 1 ) fi. S«Ut 

trtt^W^aWWi k , P mfcmZ * LSBRS: 8tJ&7C3g fc 
LT^tHt^^WIk . «ffifc<T)flWHlKft*fili.Jt 

mim&^mtfcm^wmmxmz&^x , ^- ; 5r< 1 1 p 

fiP-^Mfi. T^-T (NH 3 ) &-irtfM4** 
*1BJifcUTjej«L. lulBpS^!t%$rfe!]DL^S^a 

^-rVTtfxzmsmm. mj&&is.xim-t$>fi\ xi± 

BMBjffi-Cttl&f SXSSrRft* i k fflttS. 

[0 04 1 ] Ht", pIF-A7hW, 
*i"JJ* (Mg) -^t-^^!^l•Cfcl»^i:* s a4bV^ 0 

[0042] *-?cOMit^. 

[0043] 4 , iJf SgftH k (4 3 0 ^XtT' 1 «BIJ2l 
F«3 i: L . m&Jrm&M k (4 3 0 0 'CKUiTfRSiftSJJAT 

[ 0 0 4 4 ] 4fc. (ll* 3 ! 1 4 ) »«Lt 

fc, ^=3r< k t> nS»e**WUa*&»JS7n*k LT* 
tKt^Hj¥*fWli:, pffi^PSr^LaSRSfll^TaSk 

a-ft^^*3g-?^*5^Ts mexK±(cwnBA$ 

x Ga, N(0<xSl, 0Sy<l, x+y=l ) M 
bln x Ga, N (O^lSl, O^m^l, l+m = 

i . i ) mti&mmm^hmm-ffi&fr^tiLkm 
x-h o . mimx&w&n o < k t v ^-TfL*>-^ 

[0045] St&^«itSr*-ri)Ji{i. 

i/^A (Mg) ft^ftfcL, ^<i:i>r>'^-r (N 
H 3 ) Sr-i-tf®W^&^IIKW^vStt*'X*^fig4 
Jf-v'JT^'xSrfflV^-C^$iX'CV^^i:^a4 Lv^„ 
[0046] 4fc, S6*«tc^Stt^^3&»fe*4*-vi; 
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[0047]**:, ^^'tfXttfiSetfXJ&^fc* £ 

[0048] (ftffl) *WP«Cj:*U*, In, AI,G 
a, B,.,.,., N m P n As!.,., &t'<0 P Mft-£*£ 

*JJt* BSIHRK^TiMEW 5 «I31TT» h Z b £ftWl b 

izwmmm<om\, l & v , a 

[0049] In, A 1 y Ga, B,.,.,.,, N» 

P„ AS!.,., ^t'COpM-ft-^J^flsii^fflWjfiK 

tm.<D5fe\&Tx*bz>zb*%fflLb-$'h. ttzmmm 

«F4t<(i3^TT-$>0. $4>fc#*L<tt:2fll 

[ o o 5 o 3 ttz, pa<fc*wmwMifciawf *iw) 

df-v'JTXfx^CO, CO a tfOii^Hz £>»K, 3E 
C«IR««lftJt (v/in ) *fflj&*-*£fcfc:J: , 9. fig 

a^swMtrs^UTpffl^n^ttftj^jsttflsL. k 

[00 5 1 3 

[0052] mi <7>ntmm) mm. *%,wom i 
(omnmmizi^h h *mft u ~r<nw& £ Bf is Hr 

*>4. .KWWfcl'— Wi. -9-7r-fTfflgl l±te, 
HiL^v\'77TiS:^L, rvK-rGaNTtti 
12. nIGaN3^?Ml3. nfAlGaNl 
SE&AJI14, GaN3fc#4 h'Jf 1 5. InGaNStt 
ill 6. GaN3£*M H117, pIA 1 GaNf^ 
AS1 8S.t>'pMGaNr?>-^^hill 9#»'Jf&, TIM 

[00 53] Z<7)%>mffi&lZ. %<7) — SB** pfGaN3 
y?? hill 9c7)g^ffl*^nMGaNrjy^^ hJfl 

ix, ^ftfciOsSaj^itfcGaNtjy^hill 3±tc 



U n mil 2 0 A^fifc $ ilT V . 
[ 0 0 5 4 HI U + U T^'XT'S)-&g*i^h^- 

j&%mm : &tmnz-£&&imb. ^m^mco^mm^i 
±.Zitz%)$k. %MztemmMgw.m(?yfrtmm$:& 

htztbX'hh. . 

[0055] ^Jf ft^T1&*£ii&l^V) P M 
GaN3y?^Ml9 ±tC{i1K£«ES!WDfcft^) S i O 
2 JI2 l.^'Slil?WfcJgfi£§il. i«Si0 2 M2 IRXf 
pfGaN^y?? h®l 9±tCpfflWS2 2#Bfi££ 

[0056] **H0B«UC«*>*a|m*U— f (i. £<0 
i- ^ C^liitCnlfM^P 0$i^ti£3r L-TV^. . 
[0 0 57] «rti. BiNBtifiBaW***. pSA 1 GaN 

mmixm 1 8at>'pMG a n 3 9 vm 1 9«m 

[ 0 0 5 8 ] ^tc, J: 0 tiNffltU— r<0SGfiSr 

[00 59] ZOWmfcls-Wt. JH»c7)MOCVDi£ 

LX. h'J^f-^'U^A (TMG) . hVX+A'Ttl' 
$-t>a (TMA) . h'J^fMy^A (TM 
I) s t'^y^ D^y^ y"x^V^y>?A (Cp 2 

Mg) immztit. *fAimki,x&. ry=t-r 

( N H 3 ) , y^y (SiH 4 ) tfOmZtlt . U 
[0060] , t7r^7Sl 1 1 ti. *«8Ie»S. 

tfffimzti?z&. MocvDmwcoKmmwzx. m 
mm!g&zti&y-t7'?±iz®mztiz. &^x\ 

x'&A$ti&nm%.4>x\ i&m 1 2 0 o°ct-^ 1 o^- 

[006 1 ]^^', t7r-f7«fill±C 550 

1100 5 C. JfA- 'J TtfXb LX*mtf2 0 . 5 
■CgJSit. Ty^-Tif9. 5L/^ TMG*U0 0 
c c /#f5SS4T* 6 0 4i-iafi»ftS itS £ i: (c «k 0 . 
7rI±t:7yH-7GaNT«ll 2^fiS$itl>. 
[0062] $ hlZ. SiH, *'10c c/ftcnmMX' 
8&ZtiZ>Zb<,z£<). nlGaNny;? hill 
fi£$*U av^T, TMA*>'6 0cc/K-fi§W-t 
^iO. nlA 1 G a Nm»iliSAil 1 4^fi£$flS. 



( 8 ) ttHPP 1 1-1 5 0 2 9 6 



ICt. SiH, RlfTMArf&&W±tZtl. GaN 
HJB1 5*>\ ®I3L)t7yK-7GaNT«il 

[0063] -eofjL z<rmmmwi s ot;4-cr» 

fU Ty*z-Ttf9. 5L/», TMGA«9cc/», 
TM I #4 6 5c c/#tf>SS«T*«j3 0#ISWAS*l4 
£&(CJ:0. I nGaNJSttflll 6*^***14. 
[0064] I n G a N*S14« 1 60®j£f&. WffiSJg. 
tffitfl 1 0 0°CtC#iS£ix. 110 Q'ClZ&Ltzt 
# . 20.5 i. ^ 

tu G a N3fr!M h'Jl 1 7#. G a Nfttf-f KJf 1 5 t 

[00 6 53 GaNj£^ KM 1 7ii, SsSSr* 

^lJT#Xt lTffl^ft<Ii:k'C#ft. ,Itf9i§-£\ vStt 
JBT&ft InGaNf 1 6 £itt*S«97l<3i!££ £>"f £ t 

j: hmmrwm-t&wk^ttxwmx'i* ft . 

[0066] ja»<?5fiKJBftRRtfflHBJftSK:tJtt*#-V' 

[0067] [ jmw&i i a(E)ft«(c«t * . p seam 

[00 68] GaN«-f K Jf 1 7 <7»Bj£flL UT 

9. 5L/#, TMG*>'10 0cc/^ TMAA>' 6 0 
cc/fl\ MpIK-^M8cOCp 2 Mg#25 
cc/#«&3*U GaNM-f Hill 7±tl, 0. 2 
5//mJJ«plA 1 GaN«8S®AJll 8*^j££ix 
ft. Cp 2 Mgi«50 c c/4HzmilZtl. 0. 

7ymf^pIGaNay^^ bJll g^fiS^ftfto 
[ 0 0 6 9 ] {IU ±* -v U TtfXX'&hmmWHZ'J? 

ft ,1 fc £<3RCJR**0>4MB3ii*£aE*>. 
j£J|jlJg£tt;!JD$-tirft^*fc. J&£S3<wmB1±£r&J 
±S-UrftSft», $ feCtttflRM gflDH^fletW^HE 

ftfctf>-C*ft. Srfc. »E«+JcWArft*3l6«K«a 
SS^fgTftft^. 7£4%WT. #*L<ii2SS 

[00 703 4*:. pSe»»<0j««iftSk:*iOT . ± 

(NH 3 )OiWi0. 5ft»'IK. 0. 1~10<7)$S 

mn&tfm^cofflmtf± t ft . 

[00 7 1] pIGaN^y^^ hJfl 9J&JWJL *T« 



&«H«*>ttifca t ff.i]:$*U MS* * U TiS^ 2 0.5 

#tWi»RiBJta t 3 5 o-c^t^^c-(?±$ixft. 
[0072] ummii mktmm<?)ymx'h&. bp 

congas* a^^aoHHBoflsctj^r, u 

[0073] [ it«$>j 2 ] wait- tetania jmwk>j£ 
p m.imme>f$.Kjgintzx±*v v rtfxiz 

V">T^ft. 

[0 0 74] (PHI) 

( c - vans ) cix h . afwsk Jtwj i at^Jtusw 2 
osa^isw-ov^T. c-vaa^ff^v\ pie 
*i«c7)T ? * t- * mm * as . 

[0075] 'J««&*>Si»Ki. 3Mft8*f LT 

GaNlKKaAJil 8ttT^-fe7*^«K**6x 1 0 18 c 
m- 3 T'S>0, plGaNay^;Ml9li7n7^ 
»fl»*9x 1 0 18 cm-3T"$)ft. IP*>. AfrffttKft'? 
i±, MpSfs^ill 8, 1 9*(=Mg3&»r^-fe7*^i: L 

[0076]-^". JtKW 1 RtA'JtW 2 cOSCPHi, Si 

^it^ib^J 1 &VJt«piJ2<^K3H*a«*IB»+T7 

sec, 30m MLfct, mmzc-vw&t: 

'tt-otztZZ. pffiA 1 GaNmaaAJll &l±T7 
-fe7 , ^aUS5& s 4 X 1 0 18 cm-st^l plGaN^y 
hJil 9{iT^-br^iaffi* i 4X 1 0 18 cm-'hi 

[0077] ( i -vase) — ztib3wm<r>mm 
izftb. msmmz, nMmfiB2os.tA*psm@2 2Sr 
^bkltei i iz^-rmmcomttimztt&Ltz. 
[oo78] Mfomconmimfm. -v 9 

[0079 3 -*. Jt^ij 1 B&imm 2 <o«ffiftsew 

(i. \,^i^i>*-$v9imtFFBkX'b'?ti. 

[0080] ( u—fftMtm) mz. ztit>3wm<7) 

Ltz. 

[ 0 0 s 1 3 ip*>. ztib sw^mmwm ( ^x^n 

-) A«3 5 0)Ltm<0^:#S{C^SBBS<tTftSB»5 9- 

[00823 ami&miti'—rit. »^mjE5 v. 

L#V^ffl«8[Eaf«5kA/cm* tCfcV^T. 2 0 

[00833 ~fj. JtoRW 1 StA'ib^iJ 2^#{*c>- 
(i . tt^mS* 5 3 5 V 4 TUttn L . Is —rmatir? . 
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p wmmtt&cogitiz x-ox m^Fi) mm $ titz . 
[00843 mzxfan^tm&fcftifi) &iz. zti 
h 3mm<ommcommmmz}$^x . sim s#m 
izXK>. ^m^m^^zr^x^'^^^ (m 
«).*»(H),*«(c).i»(o) to&mgft 

[0085] MftM^mUi. [12(a) tC^ck 5 
TRB (2X1 0 18 cm" 3 ) JJITT* 0 . ftAMtmBT 

g.tff8LgmftX'2 x i o 17 c m-»Barc— jrcfeofc. 

JMWW>lffHi. HfgilJgA^tiiTPI ( 1 x l o 

"cm"') JjrPC&ofc. 

[0086]-*. Jt«^l&trtb!RW2(i, 02 
(b) MgjUJ^tcPBbTti. SfcMJSOlir 

»t:*»*»i?<9-r, a*W^KSkPI*t:»5 x I0»c 

[0087] 4fc, Jt«0ll»VJt«ffl2tt» «^S1>f 
IC. **»KjWI&4 x 1 0 19 c m-3fS>o7t. &fz. it 

jSftBtFWCtt«UJTR8 ( 2 x 1 0 18 c m-3 ) 

-5 tztf . WCHSft 3xio"cm-«k4o 

ttz. immi&vimM2x°iz. zbtzmm* 
3omotxh. ^mwcmmx'H3xio^cm-m 

[ 0 0 8 8 ] $ ty fc , JfcRW 1 »tf Jfc«0lJ 2 « . Ififfil 
WJC. Ua5iM&& t JSftflirt , C#«j3x 1 0"cm-3t-£ 

IZ, &mtoXtftii&M*WC8>< 10' s c m- 3 SJg^±i 

mlxwc. tfz. tmm l ZUflfcKW 2 -cii . swas 

lW^K«i*Kt4«lffiTIS ( 1 x 1 0" c nr 3 ) VJTX'h 

->tzw. mm®it%<mtti&.T%)7 x 1 0 18 c m-^mm 
ztitz. ^rfc. z^mmmcommm^m x 1 o> 8 

cm-Hi, *ffltoffl^**ttaiUfcfc«>T*9, jl 
[0089] ( ffiPWft<?5?F*e*fflK^ ) ftfr 

w^i^&tf Jt«w i wamtwov^ .sim s-ftmiz 

4MB£ir«:. ft«c0tawfit««l<OKSfc:fctt4, « 

* ( c > . k* ( o > , ** < h ) . a# < s i > t=H 

UTW<Jfc. dix^<^^S-H3~Hl Ofcjjrf. =5: 

[0090] HfltWoWBte. 03 , 04 . 05&1/0 
6t*-t«ko fc, Sl®rt>£> 10 0 nm/£(t&^ftST'<7) 



^^oftfcfittfffirt £fc tf* II— ^#^ift£ W«J 
[.009 1 ] <Xtc. JtWJ 1 *>K$ko*gSJc-3Vvc . 0 

^^mi^tzmzmm-rh. mi, us. 09s 

t/illOJi. ffii£LtzM3%rtm tX'h*). #^tl«0 

? 9 * * >7 > h- wzmwrcMfXTf; VX v ^ . 
[0092] zzx\ immicomuz. 07, as, 

mi&JM&vmmmg.cDWft-ftwzfflL. wmzmmmz 

[ 0 0 9 3 ] EP . irbS^J 1^*3 »t 4 ^«ft«K<0fi 

g?tl8JV\ #C ^^0^0*1^3 x 

1 0 1 9 c m-3 X'h *) . ^W^iR^SWi-iOffi** 2X1 
0"cm-3fl)^. HP*>. JtKfiaJlti. KSSiRKCRI 

isatK^gp^T^w^iis^^Hcjt^. 2mn 

[0094] ttzimm lizts^xa. m7Rtm8tz, 
fjk-rxoiz, mmm&mmmmm (m^t-r) <r>im 

miiZ^UftW&^ffifrb l^m^ttSiEtl.. 

mmmmRr/^mm^commmzm^ t a . 
[0095] jtittffii i Tti, KSissat^smgcoe 

»&^t, *^Ofi^1±^fftT$-tt4. 5fir*J. *mitz 
[0 09 6] 4fc, ^j^K^o^**. *3KMEawf. 

»ri>— -fi, &m*xitfmmz-&\,^ftifi?F&i>% 
[0097] ( u r^x^ ± s«ftt<^-ft;) 

JtlRWHtSfflv^W^. -eo^mSrHl 1-014 
tC7P^-„ ^rtJ. ^-ScfcT) "nitorogen carrier gas " (i 
flrftfiflJSr^U "hidrogen carrier gas" {iJtK^USr 

[009 83 01 U4GaNJIfc:*itt*«*i»K (R 
If) <7)'>x>'NBrtii- : ffi?r*-r0TS>O. KH<7)®(*I^ 

t^jc-rs. 0+. mmtmmizftmt&iSL&mB&TF; 

xfo&. mmt. fotoeyj&Emrf-wmML (sem)c 
^mfetoxtz. mmz, ^^^mzam^xcr>±^, 
m^m^ami "front - tLx^t. T^m^m^tiL 

ffiS: "back" t LX^LX^h . ^x^^+'C^figii 
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"center" b LX^LX^Z . H^4 J: MWm 
0«tf>iMWMWi, "front " £; "back" kcOHJT'V^ 
COO 9 9] HI 2(iGaNJl^iJ{tl)^iS J S (fit 

raws*-* . mmt. GaNJitf>+#asfc:*stt4 
zxoiz^ mtfcmiz iooo "c— no o"c<oj&R*ag 

IZX G a NJi«JHJWn»-jer* 4 . — JtRW 1 
<i. 1 0 5 0°C~ 1 1 2 OXJtcj&ftiBKtfJbtffcKOfc. 

C0 100]EH3lipSfiiil8. 19t=*SW4T 
?-ter?iJU8 (pS*+'J7«I) <OJ&*iSS#:#'lxS: 
7f:-tfflX'$>&. T?*:??mmi. JBJaKOC-VffiCJ: 

oaeesiifc. ii^-rs i a jc, i o o o*c~ 
1 1 o o'cco&L&WimizxTr-ky'fWkmDm-feX'fc 

4. JtttWlUL 1 0 5 0°C~1 1 5 0iCfcM 

«aga*±# 4 tcoiir r ^ -fe r ^ au&p %Bn t x v > 4 . 

[0101] HI 4i±mSiE&A (??7 H) JlCfflV^ 
WGaAl NJgfciJW^A ljfflj&^x^ffll**^* 
^-rH-C"$>4. ISttiteA 1 «jfc£jj*U titMttEai 1 1 

[0102] J^OXIfettftft>&* p3H£3WI£:$r45i 
Jc i "9 p SHfc£ * •§» &MM l Rtf JtR0J 2 T« . £ J1W 
£9fc«yi(c J: 4 i: tffrSJj 2 it 4 . ««a^SBB 
4 M g j&qRSttft t T V * 4 . 4ft fsJNf (C 

^.-t^mmRummizx o waists *it*j o . p<iu 

tfih CO*- 5 -y ? iM^I 4><t=S:V ^>it4 . 
[0103]-*, #fKHtC«;fo4£tt«OK»T*i. 

/a . M g {C**jMBr& L£<V WCM g tf%#m& L 

mmizz&mmnisw.fflkt zm±-?& -r t #<t-# 4 . 

[ 0 l 0 4 1 BP*>. ^BHBgJBK: iWf . 

ffi&xtfiZ&%¥-mtei>'-' ?x- i> m^cowntmB.zjM 

[010514*:, *mffl1IMz*titt. U&ttOit 



s^®$a^^L&^ft*'>, ^*§— 2r«SS&A. Effete 
[0106] $ *HSfeJgSltZiit{f . i^r-r U T 

axb Lxmmtfxzm\>\ z<r>m<D**r o T#xt l 

T7K#^Sr^-fi^LTV>40T\ ^*l*WMg 

com gt:-3V^TJi**^t: ± 9ffiW#;*<o#J»*ffiii 
L-CMg^^#«cii4'fciSA§-ti:a<-r4^T\ <fc 0- 
Jl. MgC0vStx-ft;^r&]±S:ia4>Ii:* it T'#4 <> 
[01O714fc. *|QegJnMcJ:<ttf. Jt*^<08!E 
if: LXii. *^^^S[»0 5fgJ!jM2 0 0 OfgcOfe 
mmzh&<r>X\ WMifiSfeX O t^=5r<TMgO?Stt 
^b«f bti&i8M%m%b . S«* t 2 0 0 OfgJ 0 fc 
^<TM z0>mR#X0>iMi&Mltf £*t4J&g#H$\i: 

*-T4^i:* { T'-^. MjtIgco£Stt&r*Lh£-l£4Ci: 
*>'T#4. 

[010814ft. *HSt»»KJ:it«r. Plln, A 
l y Ga 2 B!- X . y - Z N m P n A Sl . m - n (0<x. 0 
Sy, OSz. 0<x + y+zSl. 0<m. 0^n. 
0<m+ngl^tf) m<0fc£:&g.t LTtt. 500 
•CT 1 ;^ 1 2 3 0r<7)42Hl*It$)4c0T\ 5 0 0°CJ; 0 t> 

12 3 0'C «t 0 i>^T'S>oTB*f^r«Sf B co«'oit 
'5rV->iaJS«^i;Sr^'C#4fttf5. MiELft^ffl$&*Sr 
SS**^WI6t=*-r 4 £ t . «3ftlStf>3eJaxt 
ltJ±$-*4^i:* 4 -C#4. 

[oio9]4ft. *sta»BJB<o«!jaxaosg3ettfc:Ri 

LT(±H1 1— 014Ct>^;Lftji l 9T'*>4. 

[oiioi ep*>. *sa»BJBt= intar. ^ucowrt^- 

^1fjfflz&M%1xh<vX!. *S4 D^fi^tt$r|S]±$ 
-tt4Ci:* i T'#4. 4ft. fi!*fcJt^, 
BW<OBR«iaK«aftt*^«5rV^T. (run to r 

un) iz&lihmWmi^Z ZX.^zm&X'Z . buxEL 
ft#@4 0 S.t/'ftffitxtciD^ . SilttSr t l^]±T"^ 4 . 
[01111 4ft. pstm 

atT'll>W. ^x^Nffirt^*^ (run to run) <7) 
T^^r^iUKcOJf ^>o# . Sigtt. *®4 

0S.^fi^tt^[*]±T'#4. 

[011214ft. *HSfi^«{i. ^*tcit^. ttffiix 
AftfflV^GaA 1 N®c7)A 1 ffl^^Sr^lat»# 

4. 

[0 1 1 3 1 4ft$^tc. *HM^©(i. ^*tcJt^. 
tftM^4 0~6 0 o CS«t(£T$-t*-4ik* < T'# 
4. BP*>. «ffl«««0I nGaN&vStt/fti. » 
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*£A ( 9 5 y H ) JMfetf Cp In ? 

[oii4] (&2<7)mtmm) mz. *%,w<r>m2cD 

[ 0 1 1 5] HI Stti^aWcU-lf^flBtSr^Bf 

It. A 7 7t13 2, niGaN|33, nfAlG 
a N«aSE7Ji 34, GaNl35, ^*fi^#Fffiit 

(MQW) WvS14iiffil^3 6, GaN137. plA 1 
G a NmsK&AB 3 8jWB«S*VO*S . 

[0 1 16] C\Z.X\ nlA 1 GaNttsft&A®3 4ft 
IpIA 1 GaNf£SK£AJI3 8i±. KJSJn^G a NJ1 

[0 1 17] S&fcl, pIA 1 GaNfSiiAi3 8S 
tffcttffi<75GaNJB3 9«9_hiCl±. pfGaNl4 0S 
t/p!GaN3^? bJ!4 laWKSSilT^S. 

[01 18] P lGaN3y^^M4 l_Wcl±. pffll 
WM4 3WB&LZtLX^&. ^y^y/mzX 0 — 
Siaj$^nMGaNS3 3±^(i. nltfi4 2» 

[ 0 1 1 9 ] ttfcs J2U:*>J: a^r***^— «f<0»3a* 

[0120] 7 -i rmwis 1 it. wsmmR. 

XmtZiiiXffl+ZtvMk. MOCVDg«COSD^«I«g 

aa-catstL^fe. joki 2 o oxrc*n o#m, -t 
•?t4 rmmmimfa^v^-yy-ztih. mz, 

#5 5 O'Citflfci&SfU t7r>f7SS3 1±l:A7 
7rI3 2##jS3*t4. mzWJS.tf 1 1 0 0*C4f # 
SS*U if^ 5 L/*, TMGtf 

100cc/». ry^-TjbU OL/*, is?ytf5 

c c /^fiogga-e^ix-eiT^ 1 ^fBasE^fi-r , niGa 

NI3 3#^2jLim<OJ?§t^j££iXl><. 

[0121] cititc. se£ 1 1 0 o°ct'«ftL^^« 

X\ TMA 5 0c c/^-OSEiSr**; 1 5Wffl}1lz.%>Z\ t 
CiotnlA 1 GaN«StaAJB3 4jME>5 0 0 nm 

%)10 ftffiCDte&X'G a N/1 3 5 2 0 0 n m<7)jj:$ 

[0122] KC, TMGOWM^tl, g&WJ£ 
rfl 8 0Xl£X'^{&Ztl& . Z.<7)i§J&X\ TMGAU0 
c c/4h TV^-Tifil 0 L/fl\ **A*3 Occ/ 
4h 19.7 L/4MK$*U £*>4»»CTM I # 

ft* 1 4 0 c c/^-i: 15c c/ttb<?>m-&tX&) 1 . 

5^o2 0Ett*9£L«9*;l4>*i"CtWfr3*U Aft 

ti5cc 3^iae»ftSfL* - fc kj: *) , ^a* 



^#FflfiI (MQW) ^vSttJf 3 6 . 
[0123]»;{:. ^fftaM Occ/^ g^tf 1 9 . 

9 6 L/$\ 7^-7*5 1 o L/^aat-castL* 

1 1 OO'C^T 4^ra*H7T#S$iil». #ia«r 

cdx\ zcomnx'^>mmmi.^.Mxhi> z. t tmt l 

[0124] <XIZ. 1 0 0t;T«#3*U 

^500cc/^, 14.5 L/^j\ TMG*>' 1 

00cc/», 7^-7*«10L/*, Cp 2 Mg# 
5 0c c-/#OSHfrC*J 1 0#ia«ffr$*UC s G a NJS 
3 7#&2 0 0nmC9J?$T'7lM£;J'U>. 
[0125] iix^TMA** 5 0 c c/#tf>SUfrC*& 1 

t £>;fx& uttiotplAiGa n^S&a 
®3 8#*a$5 0 0nmcOJl£^j£§ix&. fcrtfU ± 

sa^Koaju ffl»<^cvDiairt-c*®t:«2o 

/xmc7)Si0 2 KjWBjRS*i.I>. iJCt. -7xv\-2:R I , 
EJSBrtWBS . HJPSfo&'BC 1 3 A'^zX->X^m 

»>xy N-tiStXM o c v D^Brtco-^-fer ^ — ±tfiS 

Mm 3 0 L/#0<fT-l 1 0 0*C*T»a$*t 

[0126] iJCt, ?SJK 1 1 0 0°Ct\ *** i- 5 00c 
c 14.5 L/^-, TMGA<100cc/ 

7^-7*U0L/^, DMZ (i/^f^'y 
7)*'50cc /^SHtCft 1 B*f?3«i&2 iX. i SG 
aN13 9ti 9 nfA 1 G a N AJ1 3 4 P 

lAlGa NmM?±AS 3 8 *TA«*iMIBIi: S*U> . 

hZk^mX'hh. mtli. 7mXU2 0 OkeV, 
lxl 0 14 cm-*cr>&AX'm : m-&Z.ktfX%Z>. 
[0127] mz. i&mWl 1 0 0 c CT'«»$iX5ti 
* . 3 0 L/^-T'^ 1 4MS8t§*U P MA 1 G a 

N«afflEAJi3 8Jifc:»oTV^ S i 0 2 * ! l7fy/ 

[0128] yet, a*** iio o'c-cftfifSn/t* 

ii<500cc K*** 14.5 L/ TMGA5 
10 0cc/», Tyt-7* ! 10L/^ Cp 2 Mg 
if 3 Occ /»<08!E»"e«52 7^^tti^$ilT . pIG 
aN!4 0*^9 0 0 nrnCO^? tJ^fSSiXi.. $t 
fc. Cp 2 Mg*n 5 0 c c/#tsfLS#tij!lO$*"U 3 
$HSJttt&S;fl*£fciCj:o-C, plGaN14 1* ! f? 
1 0 0 nmT3B«$ii4. ^<OJBidS!WPI ! 5rif«5axS 
^^h-ti:^tCpM^ B H B ^3ST'#^. $<bt, ^iife 
(^MAORlfA 1 £jft*-*-*BRCtt, 3xl0 16 cm-3 
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immtmmzti. **vTim.wto2miztmnLtz. 

[0129] mz, TMGS.tXC p 2 Mg«A 5 Hik 

asiaawsaitrBfflSii*. fcfc'u 1 1 o 

0*C*^ 3 5 0°C £ X'ii^m 5 0 0 c c SM 1 

tiwm. 3 5 o «cT-r > ^ - r fioffi*&* { ^± zti& . 

[0 130] ^J:3£LT^i££*i7t^-1fftB§*, 
MOCVDllHa^JXOttU JSfti^K^*^^ 

•y^S^ifJrfflV^T. nlG a Nil 3 3 (C^LTti, P 
t (U5 0nm) . Ni (f§50nm) , Au (if 
$2 Aim) Sr£<Z)flir?B«U ftW=fir*—5 -y ^ftWSr 
t,onfflHWE4 2fcL.Jt. — PIG a N«4 1 fflU 
fc. JlltCPd (Jf£2 0nm) . Ti (if $3 On 
m) . Pt (il£20nm) , Au (Jf$2^m) 

i£U mm* 5 o o-c. i Mapmxmzttitz. tizx 

0, 7xlO" 3 Qcm 2 SJgcO^-— S -v?tt:pMW&4 
3tLtc. ZZX'i±. ^miz±MLtii><7)*m^tirf. 
Zfl t>lZ5nL fzitmt , AU Sc. Mg. Si, Cr 
& f 1 0«S=ff it JKr i: - * JBWC* 6 . 

[ 0 1 3 1 ] iJctc, ZcDV—^fffimi&WLMfr^X 7 v 

fc. Z<?)XolzLXimZtltl i mftU-Wm.&4 2 

0 n m x-mmm Ltz. ttz. z com^m^mm^ 

4. 7V^LS^«SSffl»±3kA/cm* X'foitz. 
[0132] ±au^ 3 fclB2<05Qfc»®fc:«k#iif , 

[0133]^, m2(?>mmmc?y&BMb lxu. 

2otfO P SGaNil4 0, 4 1 S:»Jj£-$-£ISW>±* -V U 

±S6LfcJS«*fl 1 fc:*JV^-C. Tl^)pIGaNl4 OcO 

<7) P MGaNif4 ltfOffMlut-. tEX-YVTtfXtSBIt 
IZWVWZ.. L*>£>flL ;«5 P IGaNl4 1&»«L 

[0 134] ilifi. 71«pSGaNf4 0«9^i£B# 
fc:Mg#$Sttfl:S;h.$:<T fc. *JJBtf>pfflGaNJB4 
l«MB«l*t. jS*iftB»*l 1 OO-CtiSiST-fcS*: 
A. *^»®C0^!! : a^** i TilOpffiGaNii4 0^ 

il^)pIGaNl4 

[0135] <JB3<3*S»I!MB) (Xl:. 3(s:^^3c0 

mimmi,z{%b2>ffl£yj *- viz^xmw-tz . 

[ 0 1 3 6 ] 01 6«i<rof&5BM *- HiOflBSSr^f 
BrffiBTIi*. £*>363lW>r*-FU\ nI«2HlS 

1 C»«5 UtUfcl iS5 1±CGaNtSi 
Cfc#l : 9T-?l^L)tjIftii5 2im&L2tl. iHtif 
5 2±i:nSGaNl53. nMI n G a NfBftl 5 



4. paGaNJI5 5#£^JSTlIJB$iVO*«. ffiffl 
SftSKwtyMi, nSGaNil5 3* J S i . pIG 
aNJ15 5*«M«T*i. ni I n G a Nil 5 4 fc pS 
Ga Nil 5 SriS***)**** 'J TUXii LXgMtffe 
mZil. EMxi: LTT^-TttiGaJEKi:^ 

tit. ^MgJBH^+UT^ei4*SfeWK 

[0 137]— 2i\ nIInGaN!54tplGaN 
15 5 Ja*«*«>JM»t:Udyp + U h t T?J<^ 
#ttJH§ft.&. pIX^nSGaNl5 5, 5 3«^ 
UTiUg(iV->-fttt 2X 1 0 18 cm-3T'S>5. 

[0138] *<:, S i C1S5 lfc{inflflB«5 6# 
JBlfr&i'U pSSGaNJB5 5fcU4pWICB5 7*^jKS 

[0 139] £^J:3teLT1*&*lfc£MKfc:n.Rtfp 

jeratufc: s p wmm<?) ^v??y w&&®&x% tzzt 
±mizfa±.ztitz. 

[0140] (t&4<r>mmm) mz. immnw-A?) 
mtmmizi&h & mMfcu-wz^ ^xmi. zm^xm 

[o 1 4 1 3 ap*>, *mtmmii. Aftmcomm mi 

hZbiZj:*). pIA 1 GaN«2fLaAill 8RlSpm 

[0142] Af*tWfc:ti«i.tf x «fiCPI«fc:. GaNft 
FBI 7*«»JS£§nfc«fc. ^+'J7^* ! *H* > 

bmmzwomtbtihtMz. TMG, TMAS^ 
[0143] m^x. ±Miwftit>><Di?miz£'). vs 

Bffl-^S, NH 3 *m&L~0-3n&%lZ<7r}i&.X\ WBL 
±l l zmz : &J&L?Cfmmfrt>COGa. In. N^coMil 

[ o 1 4 4 ] an. mmtfxBxs±Mm¥itfAii { -%M. 
[0145] zzx\ zummft izmLLtzTyx^mz 

XK). pSAlGaNfsSaAllS&lifpIGaNa 

bM 1 9 A«JiiJC»jSS<x* . 
[0146] WT, iS^^XC7)«l&*^±$n. 

[ 0 1 4 7 ] WTomti^liKX^ iftiW^i: R 

[0 148] £<0*fe¥3»tcU~ 9*tt, ^3 0mAtV^ 
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[0149] ±MLtii oizm4<r>m&]&mitz£ta$. 
mmryx^comummw^zm^^x. pIa i Ga 

NHSS&ASl 8^pIGaN3V?; h® 1 9 

a«t^ McAOJK^Cl.blCcfcD, *1«>JMHB1II 

[0 1 503 **:, ?gtt«a*K ; FW«l&t=«fc 0 , TV 

SHM:*** 4 0 l"J± L , £4 x h £ AtlKfKM 

T*# 4 . 

[ 0 1 5 1 ] ifcTo r rgJ*mT*>£H*lfc'*-4 

-T fcC4 Os Ga (A 1 ) NCDo-h. h<7)£?L 

ntzxtat. mmryx^zm^x^zcox'. Ga (a 
[ o i 5 2 ] 4*:. *mmmi±. m2cr>nmmmiz& 

;b4pMGaNJf4 0, 4 1 . SI3<0^ife^SS^i5S 
P IGaN15 5tCOV»TtPiafc®ffl' 5 Ift'C$)l>« ED 
*>, <Iil£>pS}GaNJ14 0 , 4 1. 5 5£7°5Xv£ 
fflwc^j&LTk, J^tateBJBkRWtMg^Jgtt-ft* 

[01533 (.mscommm) vxuz. insm 

BBtlX. InmGaN^ftdn, Al y 
Ga, Bi-,-y- z N ffl P„ As,.,- n (0<x, OS 
y, O^z. 0<x + y+zSl. 0<m, OSn, 0 

<m+nsi^-tftf) ) m*n&br>^y-?7vmizR 

out 3*^4. ttz. Wmm^vOTtfxntiSMZi: 

tit. m& Ltzm i -w. 2 <r>mmsmt nwnt&> . w 

[01 543 01 7ti*f6HB<OJB5<?5|gtS»®tfiR*>4 
g^lM £ S^^liaW 5 5rS^$:^a)TffliaT'$> 
4. iOgft^^tt^^ t7 7^7««6 1± 
tC, nlGaN (In, A 1 y Ga,.,., MCTx=y 
= 0)862, pMGaNif 6 3, pflnGaN (I 
n, Al y Ga,.,., WcT, 0<x<l, 0 = y)JI 

6 4tf\Wdffi$LZi\X^h. zcommizztux. 

pIGaN163i nIG a N/f 6 2 £ T'P n^ifm 

[01553 ( mzxfonTMwm&ftiti ) m 1 7 ictp 

^WI^^'C. HI 8 (a) tc^i olc, S 



7j<^ (H) ^fraue^srw^. a*:. itw>tz*> 

iZ. ^mmmt^pMl nGaNJi6 4£*t*Ufcft 
JfctgjtCowcklll 8 (b) tc*-$\J:?fc:, ^$*fS] 

[0 1 56] *<olS»» HHft>6irt»*J:3<c. pffiG 
aN16 3WpH nGaNS6 4<7)WJlOMgjlJg 
^'5x 1 0 19 cm-3cOi:#. flt5i£J:4p 
SGaN®cO*SlHJg* 5 8X 1 0 ls cm- 3 tft5«tJt 
U *%0flf83tCX pffil n G a NJf 6 4WpSG a 
NS6 3 £7)M®^7j<*?flS{4 6 x 1 0 1 9 c m-3 T£>4 . 
Cl<7)ffi(4, AMWpIGaNl^fift, H*+T*7 5 
0'CT3.0 ^S«l^aa2rJn^^:^*S»0li: «HT|ai 
— <IT$>4. 

[0 1 5 7 3 Htj^L&V^ pII nGaNl 

6 4 mwm<vMmm%tf5 x 1 o»« c m-'jsrrc 
h o . mmn^mmmm^ 5 x 1 0 1 9 c m - 3 jarra 

oT, ^RSBa^ 1 0 0 nmliLh^V^S*^^ 
ffl)Hcf6]ttT3~l Ox 1 0 17 cm- 3 <7)®HP ( JT'B&%— i 

JStiifcSroTVvfc. — ^pSGaNfii, mm 

im<ommm&. mmttT&osmmmyz. 

±lgVMiT'£>o7t„ 

[0 1 58 3 (C-VflBe) HI 9ltO±cr,S IMS^ 

c - vm&zx mm&r ?±-rfm 

n G a N M 6 4 «4MS 'J -y ^tfO#H^T'^-r 4 fc*^>s 
as growntfc^^piii:**. 
(7)pIGaNf6 3li, l^tS-tol:, as gro 

vfnxim.in.cop mm t^K>. zcmis. 4x1 0 18 

cm" 3 ) (4. t^Jftltit^pSGaNJl ( as grow 

t>ti&mummn<\ an^. 1 nzsts^mftrnxb 

SpII nGaNJ16 4$:±JllCflii.3tC0T, TI^P 
IGaNI63 * ^<7)7kSS<DBX 0 ji^iX^WJ^^t. M 
g cOvStt-fk^ffiil $ix4k#i.^ix4. 

[0 1 593 H 1 7 tZTFttfflm 

it(4. H2 0C^-r«J:3C plInGaN164Cft 
XT, nil nGaN (In, A 1, Ga,.,., NCT 
0<x<l, 0 = y ) JB6 5&m±.mi<Zffiz_Xi> 

[0160] i/c, ^ffeB^Bflfittt, P IGaN163!: 
pIInGaNI64«:, pll nGaNf64,}: 
0i> I ncoj£#it<7)f£UpS> I nGaNSSr^ffi^-yrT 
^^t&?^$r k 4 i d tT t i V\ 

[0 1 6 1 3 itz. H2 l^TK-Tid^, TVF-ri 
MI nGaNl66^tpSGaNl6 3tnSG 
aNJB6 2kTp i n UT*,«fcV^ *^ B J 
(4, pnf^XliP i ntg-^cOV^-riT-5r®fflLTi>4 

[0 1 6 23 £fz. H2 21^-^4 die, SK^^o 
i/'i03t#c7)f^, nSGaNJ16 2tt7r>f TS«6 
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It cOSt-, GaNA 7 77«7 1^7yK-7*Xlin 
- gGaNJB7 2Sr#j£L"Cfc.fc^. 3^C. 7>-K- 
nGaNJ16 6<7)TiitC:nSA IGaNl73 
£JBj£U 7yb"-7iH nGaNl 6 6«±iCp 
!AlGaNl74JML- JlfL^MA 1 G a N ? 7 
7 K17 3, 7 4 i; TV K— 7* ill n G a Nil 6 6 b 

[0163] <*6*>iatf8HB> 02 3I3*WW)JB6 

s^mnErc**. zcomim&^mimwi. mat 

Id. 7yF-7GaNTii82, ngiGaNri V?? 
M83, ryb'-n nGaNM-KJ184&lA*pMG 

[0 164] ttz. pSGaN«8Ki£AJi8 5JLKJi, 
?SifccO nlGaN 1KSSife?JI 8 6 jWfflR WKJBflfcS fit 
V^ft. 4fc. P SIGaN«8taE7Ji8 5±&tXnffiGa 
N«SEfftSM8 6±f=i*. PH nGaNrjy?? F-Jf 

[ 0 1 6 5 ] <MC, tLhcOi o *««E«Ei«fflBS«:W-f ft 

ft. 

[0166] ^<n'm.\mmm^m=Ht. 122 4 < a > 

IC^idt^ lEJBcOMOCVDj&gKiDs t7r 
>fr*«8 1±tC, 7VH-7GaNl8 2, nIGa 
N183, 7>-h'- 7*GaNYStt®84. pIGaNf 
SSaAil 8 5. nIGa NttSHKWi 8 6 * > 
A-flT*3SMWC^J£2*Vt^ft. 02 4 

( b ) dZTTCfX a tC, nIG a Nfl[«SJI8 6 **SB# 
WfcX'yf^i^ilS. L#*ftf£. 02 4 (c) t 
Tjrfidfc:. 2®ScoMOCVDj&ft (W&ft) £i 
0. pIInGaN3^;M87«$W. 

[0 1671**5, pIH-AVhtli. MgXfiZn 
#fflo£>*tft. 

[01681 l?J±<?)®&%m!,Zi& t . BJ**fcJ: Kim 
f&ZtltlpQI nGaN3y^ hJ187(i:. hukER^ 

i&ffiflieDpiyifcSrft. 

[0 1691 lHiak:««$^pSGaN1ta[ 
aAJf85tfDo*>. ±Jfc0nMGaNm«ii7'o-y?JI8 

?iSJg#3x 1 0 18 cm-3<7)pSi£ffiJn:JlT'$>ofv: (S 
IMSM^i*. Mgiffigii2x 1 0 19 cm-3f35o 

[0 170]—*. pSGaN«aAil85t03*>. 
nIG a N«gii7'c7 7 ;18 6 T'lIibilJtg&WiWJ&ft 

JIKiO. Pil nGaN3y;? hJl 8 7 ft 



cot*. f^sas^St t-POfSjgetcOpSJir^^ilft 

[0172] (£ig«§j£) *fc. ^aS»««0flBKi. 
02 5^-r«k3t=. t77-f7»S81t. 7yF- 
rGaNTit®8 2 WSt, GaNA 7 7ri82a 
fcRftrbJ:". 02 5^-fi^t". 7VF- 
71 nGaNvS14«8 4i:nSGaN3y^^hJi8 3 
ktf5Hlfc:. nlA 1 GaNUgr t aAJ19 lSrSJtiift 
pfflGaN«aHiAJi8 5fc:ttx.-C, plAlGa 
Nm8S&AJI9 5ZffitTl> PIGaNf 
SE&AJI8 5X«p1A 1 GaNH8KaAJ19 S^Wf 
iin..naGaNfS^186XIJ;nIInGaN 

«»©f <o d ^<oj9faw** t ffiffl^riB , r* ft . 

[0173] <3S7tf>SliS#JB) 02 6te#f&BJ»l?S7 

oiufi^®^^*>ft^^*^— mmtf&Tfi-mmm-e 

$>0 . 02 4 ( a ) ~ ( c ) &l>'02 5 fcH-^fcUi 
H-flr*fcftLTRW-t*. £«0¥*ttU~Fli, "9-7 
r^T^8 1±tC. GaNA 7 7rt82a 1 7>K 
-7°GaNTifcJi8 2. nIG a Nn y?? hS8 3 , , 
niA 1 GaN«88iAJi9 1 , 7>H-7GaN^ 
K19 2, MQW»fittf)7yH-7A 1 GaNM19 
3. P fGaN^HI94, P S A 1 G a N^SSE&A 

m 9 5 , piGa n«ss&a® 8 5 jwi&^jfcSixt: V * 

ft. 

[0 174] pS!GaN«8M£*Ji8 5±£tt. n®G 
aN«8g»ESWi8 6jW8S?«K®J£S*VC04. 
P IG a N SSSi&A* 8 5 IMXfiZ nIG a NIESHK? 
I8 6ittt, P SInGaN3^7M87*« 
SfrC^ft. 

[0175] piInGaN3y^?M87lWi;P 

HHBS9 7jWE&£$*vO*4. x-yf-y^KiO-W 
#gg|ii£;ft.*:ngiGaNr?y?7 h«8 3±Winffl!l« 

«S9 6#^j£$iVO , >ft< i 

[0176] mz. a±cr>x o %*m#i<'-wwmjj 
ms&ftmz^Twm-h . 

[0 177] 02 7 (a) icijrf J: 7 ^ . ~*t~7 t -i 7*3£ 
^8lcO±tC. MOCVD&tCj: 9. 5 0nmfOTy 
F-7'GaN (In, A 1 y Ga,.,., NT'x = y = 
0)A* 7 7rl82a, 2jumJ?<9Ty F-7GaNT 
H!Uf82. 4wmf<?)nIGaN3y??H83, 
0. 3>L/mJS<7)nS!A 1, Ga,., N (O^q^l)l 
SS&AJ19 1. 0. UmI«07yK-7GaN#>f F 
192. I n, Ga, Al,.,., NfrhtthltWcWS- 

0 . 1 u m CO^Mfi^ #F1l§iia* i?W7yF-7!n 
GaNvStt®9 3, 0. l/zmf^pIGaN^ Fl 
94. 0. 3;umJ?<Op3?A 1 , Ga,., N (0^q^ 

1 ) «BiE&;Ui9 5. 0. 5^mlf:(?)pffiGaNm»fia 
A*85. l/zmJg<7)n®GaN (Al, Ga,., NT 

q = o ) m.$m&m8 erfmmfc^zx >ow$LZtih . 
[oi78] *js. nmvPffiMmmztsi'jy ( s 
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iH 4 ) omAizk*). msmmztit. mmz. pi 

(Cp, Mg) co^AlciO. acffiM»3*i4. 

CO 1 7 9] 02 7 (b) fcjjrf-idfc:. nlG 

aN&mM®m8 6±Z&ttffi}KZJ*?-->'7'L. x-y 
f-y^'^Cj: 0 pIG a Nl;efi&;7J18 5 SrSSlMtcS 

tb $ •£ * <fc a iz&# mz n a g a n vsl&wb s s tm 

[0 180] plGaNSa?iAS8 51MX/HZ 

nSGaNtJ»S^il8 6±tc:{i, 02 7 (c) 
ill:. MOCVDSCiO, 1. 5^mJli0pSln 
GaN (In, Al y Ga,.,., NdzX . 0<x=S0. 
3, y = 0) ay?7hm87tfB$L£tl&. Z\cr>t 
% . ««iBJKW7 5 0'C~1 1 0 0°Ct U SM^W 
dr-v U T^C«*«Srfflv^ 'J TtfXb LXlt 

[0181] -TCLf. #W^iA(iMOCVDf^ 

fenoajsn. au^wts i o 2 mizx~>x-?x*>7 

028 (a) teijc$-.fc3C. nlGaNny^^ 

[0 182] mz. t7T^rSt8 1li. GaNI* 
2g#JI8 2 a~9 5 Srtfffl^fcMi:R*fffl<a®*)ffiaKP 
0 , 10 0umW&?>W-ZlZ&f&Ztl&. 
[0 1 83] 02 8 (b) IZTji-rXolZ, nlGaN3 
hf§8 3±l,zmtl l £T i -Au^<?>&JRfc:«fc&n 

«£#fili*$*U 02 8 (c) fcjj*$\J: 3 fc, PlInG 
aN3y?7 f>J18 7±tC0l|*.tfPt, Ti/Au, N 
i pfflMKB 9 7 jWBflfcSfi* . 

[0 1 84] 3r*5, ZZX\ P fiInGaN3^?h 

® 8 7 «. mmmmm&ti* 5 x 1 0 1 8 c m-«arcft 

0 , *®«#Ri§UK# J 5 x 1 0 19 c m-stlTtfi K> . ffiffi 

[0 185] Z<7)£5lzmL>tltcVx^li.A774 7*? 
<\%ffl. aMiK 9 -fx J: 9. 381$::** 

co^-yy'Zmfecox'rA. (vJ-^—yu—J*) \,z~?^v 

»GaN^l/ — >f #S£fi£ 3 ix 4 . 
[0186] Z\<r>^mWV—^\i. Ifcjfcifcft4 0 0 nm 

[0187]±aLfcJ:5 t*ias»J!8fc: iilK, fit* 

tit'*, ru+ittffiWkt&ziiWX'Zh. ep*>, * 

pfl nGaNi(Mm»f|sJi*«*S-li-4i:V^d*» 

WftJ $ * & <r t tfx-% h . 



IgKi 3> ^fficTj^^^^co^a+T^&iJ^^ J: 
[0 18 9] «ffico^Si8^. U8Klia*ifi»C 
T'£. Kj^mE5rffiT$-fr, tot. ?Bft£jl4 0 0 n 

[0 190]$^»lc, pIK-A'yh^tMg 
f) . pll nGaN3>^^ h@8 7c7)Mi* (50n 
m~l 5 0 0 nm) ^ I nOJfcfrltx (0<xS0. 
3) . ^'JT^ffll (yKS^'X^T^^^TSr-ir 

tt mn*f* . a^^'x *^ & & ^ a- u 7 ) at* a» 

(WMUZ. : 5~2 0 0 0: 1 ) SriftfjiflJ 

[0191] <s8Bflij£) =5rfc, *%m<mi<?>mm 

SS«\ 02 9^-TJ: die, llHSO^tciJttSpM . 
G a N1K8S&AJ18 5 #«TO$:ft.rt:flijrei &\\ Z<7) 
ifrk. 2®3(D&&zj:*)&f8.2tl&mii. 03 0^ 
•fXolZ, plGaNl85atpIInGaN3^ 
9 M8 7 £<r>2mWt&X'fo->x i>&\>\ 

[0192] imsnmrnm) mz. 

[ 0 1 9 3 ] 03 1 ti Cl so^tt I'-lf conaw^ttEg 
Sr5rmf®HT* 0 , 02 3 t 

K-7GaNTil8 2. nSG aN3y^7 bMS 

3. TyV-yi nGaNfitti84&^pSGaNt 
eftiiAii 8 5 WiWm&LZtlX v ^ § . 

[0 194] pSGaNmSi&AJi8 5(i, SliRXyf- 
y^CiOU'y^jWK^SilTV^. ifz. piGaN 
VM&AM 8 5 it. 0 >y S^JSW^iWJ'ifcilBR^) n S I 
n G a N iraftBE&b * 9 8 ««9WMC^jft § tlX ^ 

4. pSGaN«8S&Afl8 5<0'J-yS'*_h&tfn 
SI nGaN3feH2^>®9 8±(C(4, pi I nGaNr; 
V^i7 hJ18 73&*m$ilTV%S. 

[ o 1 9 5 ] m±<7)i o %m$imm.mmtt 
•? h *mt¥ — rnwimjjmRx/ftm iz-o^x mw-t 

[0196] itO^NPflcU-lTJi. 032 ( a ) iZ^ 
Xolz. 1 ESiOEg^tcJ: 0. V- 7 7^71^8 1± 

7y H-7"GaNJ18 2. nIGaN183. TV 
H-7'GaN«14Ji8 4, pffiG aNJB8 5#BI— f-v 
W<-rtT'3^WC^$fLS. -eo^, 03 2 (b) 
idle. P SGaN|8 5»S < )!:x7fy7' 
|^*$ilT 'J y^>W$ixS. tfz. 03 2 ( c ) [Z 
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tf]&f§.Ztl&. nil nGaNi 9 8tfUf&£: 

(20B*)JS*) t=J:9. Si0 2 3?<y)VX? 9 9Utfb 
»pIGaN!8 5±lcStRfiS.«$iX-i>. **>SL 
?9 9#Bfc*$*U 3®B<Of&&lZ£>). 03 2 (d) 
iZ^TXdiZ. pII nGaNJI8 7a*p3>GaNJI8 
5<73U '/xiS^nll nGaNi!9 8±^BS:§<X 

[0197] ULk<7) X o ^@t»f^^S«jtt Lt t , 
mSf^«ith|5l«tCpSl nGaNay??b/I87 

hZntytl&fztb. I^*400n 

[0198] (38Mtf£) $r*J» *!8fflHK!B<Oflt3t« . 
03 3C^-rJ:3^, t7r^7S«8 It. TVH- 
7*GaNT«6J18 2i:«, GaNA 7 7rl82a 
*SMrct>J:v*. 4fc> 03 3^-tJ: ofc. TVF- 
7*1 nGaNgttl84tniGaN3y^?M83 
tamiZ, nlA 1 GaN«SK£A*9 1 
fc s P S!GaN«a[aAJB8 5K:«it. PlAlGa 
NttSSEAJB 9 5 SrfixT fc 4 v 

[0 199] 4£. pIA 1 GaNUgg&AJf 9 5£ffi 
*.7t%£\ nil nGaN^Efla*t>il9 8(C-fti.T, n 
SGaN^^PBii^Si: LTSfflLTi <£V\ BP*>. n 
SI n, Ga,., N (OSxSl ) ftRf!iitf>Jf 9 8 tC*3 
WC, I n<7)jfcfrJtx£0fc LT*>J:V">. nffiG 

a N Srffiffi-tfrt 1 . PlAlGa NHSKxAJI 9 5tnl 

I nGaN^&ftJl9 8£ffiVvCk&^.ri:J4^3 4 

[0200] (m9comm&m) H34«±*^^9 

£>9. 132 (a) ~ (d) &1/03 3fcR— 
B-49F#*ftU"r«W*. dO¥#ftWifa. -9-7 
T^f7«I8 1±t. GaNA./7ri82a, TVK 
-TGaNTityf 82. nIGaN3y?^M83, 
nlA 1 GaNttsfaxAS9 1 . 7>-H-rGaN^ 
K19 2, MQWlijtOTy nGaN*g14J19 

3. pIGaN^M h'19 4Xt/p!A 1 GaN^O: 

as 9 5 mmm&ztiT V > * . 

[0201] PlAlGa N«8SiiAJB 9 5_L(±3SiRx 
■yf-y^J: 0 'J vitimfSLZtlX^i. PIA 1 Ga 
NmsSaAS 9 5(4. U >y i^hOffl#±fc:«Rtf) n S 
I n G a NttaBfcBBi*)* 9 StfjMtRWCJ&fcSiXT^ 

4. 4fc, pflA 1 GaNt«ftAi9 5«!J 7^*JbX 
T/nSU nGaN3KHl&«>JB9 8.B=tt, pflnGa 
N3y*?bJi8 7jWea£3*l-CV*4. . 

[0202] pIInGaN3y^?M87±dip 

A { siai$iX^naGaNn>-^^ h«8 3±lC(inffM 
©9 6*^fiic$iX-C^I>. 



[ 0 2 0 3 ] <W=. ULk<7) X o %¥mteU-f<7)W&i 

[0204] ffrj£ig&(cl2l3 5(a) tajrTJ: olz. V 
7r<(7iS81<7)lt, MOCVDStJ:*), 50 n 
mmcOTy K— 7GaN ( I n s Al y Ga,.,., NT 
x = y = 0)^ 7 7r)i82a. 1nmW<F>TV V-T 
GaNTM8 2. 4 ymf WnlGaNJy^? hM 
83. 0. 3^mJ?:«0nSA 1, Ga,., N (O^qSs 
1 ) «8SaAJB.9 1 . 0 . 1 u mJP<7)T V H-7G a N 
«M H19 2. In.Ga, Al,.,., Na»S>$r4*Stt 
jgSJJO . 1 ,um<7)^fi»^#Fffi3tfr<b : 5:&7'>'K-r 

1 n G a NvSttJl 9 3 . 0. 1 jumI«pSGaN*M 
FJI94. 0. 3//mJi:cOpSA 1 , Ga,., N (0^ 
q g 1 ) *aBSAJ19 ^ifiWm^AzX *)Mf&Zti?>. 
[0205] mz. 03 5 ( b ) iZ^tX 0 fc. pIA 
I, Ga,., N (OSqSl ) *8SEaAJi9 5±t=S i 

0 2 S9 9^^°^--y^w-7x=jf yytn^fi. 

l7f^«Ci0pSAl, Ga,., N (OSqg 
1 ) «sSiiA®9 5frll^W(^4>4TI&*£*xT U y 

[0206] 3tV>T . 03 5 ( c ) \Z7Ft X 0 88R 
iSfttiOplAl, Ga,., N (OSqSl) ««& 
;Uf9 5<0!/-ysWhoaW.hfcnfflI n, Ga,., N 

(OSxgl) ftffl2^Jf 9 8#'2E]g<Oj£Jlt;:i97g 

[0 20 7] ttz. pIA 1 GaN«a&ixAJ19 5<9'J 
■y s;±fc*Jtt* S i 0 2 Jf 9 9^<7)-7X^^*§^ 
4. $^>iC MOCVDfttCj; 0 . 03 6 (a) tC^t" 
X 0 PlAlGa NtggSaAii 9 5<0 U -y 
■?-«OSI<OnlI nGaN^aftl9 8JbtC, l^m 
Jf<7) P Mtf> InGaN (In, Al, Ga,-,., N. 0 
<xSO. 3. y = 0) MS 7 Wl&l&Ztl&. ■%t$18i& 

mmiz. so-c-i ooo-ct 

[0208] OThu5*Ib]«^. icon/x/Mi;. H3 6 

(b) curiae, mRmznmGaNay^^vm 

8 3 4-C'^-ri»8ii$ 4TX^f-y^Snfc», t7r^ 
T««8 1 jWHaHflcJ: 0 10 0 jtzmSJgcOJSSlCT&fc 
Six*. 

[0209] H36 (c) C^-TJ;^^. 

nIGaN3y^^ h Jf 8 3 ±IC n fi|1KS 9 6*^fi£$ 
it. pSI nGaN3y^^h)|87J:Cp||li9 7 

*«m$*xS. ^rfc. #m®9 6 , 9 7{imrap]««« 

[0210] m^^Tf^^xyNJi. A - 
ZfflK^zJ: 0. ^f7 7CM?^l. #f'/7 

y'fWvf^/f. =e—/Vr* ^Six. ^fiSfpO 

G a N3RU— iTtCjDlSiXi . 



■ 
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[02in ;«o*ifti/-f«, «raiai«t:pM i n 
#««4 o o nmtttffits v%«rcfH8-r*AW*wtt 

[0212] iiEUfeJ: dfc+gOBIWfcJfitt' , »7 

cnmmmem^zmt. pIai, Ga,., n <os 

q£l)Jf950U-y U -/ S^UelftaK&jtSK 
JgA. nl^I n x Gaj., N(0<xgl)/f9 8?) 
Ay K^r-V •yrz*K-^7>' H— 7* I n G a Nvgft 
|9 3W^ F*> -/ y'^-JU^-X 0 < -ft X 0 

[0213] (mi ocommmm) mi , hi 5, hi 

(MOCVD) ffitiO. 7^-7^ (NH 8 ), 
*t££JBJ£f4 (TMG. TM A, TMI). RlfH— ^ 
yhEfi(Cp 2 Mg, S i H 4 ) SrfflvVtJgJfrfS. 

t l J7*'X$-, CO, C0 2 cOil^O. 1~10 vol p 
pUD?Fl£&tfXfrk : Z:&*'!rOT*fXb'?&. CO, C 

>-??hffiftA^<&£Mft#&&. 4fc. CO, CO 

[0214] i^. pffi®iJBfM8WIR<0VSUl^fc I 
II»iflHEkO#l&* (mo 1 ) jrt (V/III it) 5:G a N 
JlOJ&gTti 3 0 0 0 £TF. GaAIN OJ&g-Cte 3 6 
0 0 WT, fl t I n G a Nl^ftlO^Stli 3 0 0 

oomTT-^-r^. v/in jt**_ksG*Huaj:fc«r* 

[0215] *|68fiB!Bfc:J: OfHHLfcHflSlWHMi* 
m$. fc&M (WBB¥8-3 2 5094#. WBPP8- 

2 3 6 7 4 4^-) . jetttwaLfcis i -m9cr>mtm 
*^*e*o, «wta*^K:i*Lh"r*. 4*. jsk 
[0216] (js 1 1 nmmmm) hi. m 1 5 . hi 

6. H2 8^«3ft<9^*l'-in&*«6«Maj£* 



(MOCVDiaCiD, 7> ; E-7^(NH 3 ). 
^S^JSJSf4 (TMG, TMA, TMI), StfK-^ 
(Cp 2 Mg. SiH, ) &ffivvr«|£?- S. 

a * -tarn? m^mm-zx <nm* Bi&~t h muzm v ^ * * 

t'J7^J. 7k* (H, ) ttKl vol ppb£lTt=IIK 

«JM»B5fcWfiEL* pfflim^tcoay^ 
?hJSfit#i«<&&Mft#&S. 4fc. H 2 

[0217]ifc. pSi5aWi^»0«W)VflUgfii: I 
I I 8aKB<0#te* (mo 1 ) it (V/III it) £Ga 
NJ§<7)^«-C'(i3 0 0 OiiTF. G a A 1 Ntf)&«TJi3 
6 0 0 J2TF . iS. L I n G a N X¥*ttJI«>JftJt'CM: 3 0 
OOOtlTT'^Eg-rS. V/III it^^iiiXhtc^r 
St. MgOT^W XJi^f -v D T^vStt-fb^^ffi . 

[0218] #SB*#!Rfc: < fc Of^SSL^S-fb^^* 

J»i, ti!*« (WBB s F8-32 5 094-^. WKTS- 
236744-f") , 5gt=J4WaL-fclBl— HS9«0*SS9P 

sR^po^eio, ft!ffitt* s ±*i^i6]±-ri». ttz. f&im 
[0219] ( m 1 2 commmm > m i omtmmizm 

X. Rt^tWAJRJSfi (TMG, TMA. TMD.S 
IfF-^MgfKCpjMg, SiH, ) SrfflVvOB 

df-^'JTTy^SraS^XW^. XJi2. 5^S%JilT<7) 
[0220] SSBWp-GaNay?? hill 9^ 
ftU 7^t-7^, Cpj MgRt^fflR^-v'JT^ 
ihL. tt(RffiS^3 5 CCi-CRfflU 3 5 0'Ct'7y 

[022 1 ] f#<c.iX/i^<7)S^®c0 p-GaNay^ 

?mii 9<r>T7-ty'?mg.zc-vm%.iz£*)mmL 

t^7^J3 5 0-C4T-«&L£g(t. -t<0ffi<0ffl*Wi 
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Atlfr^ lffi£LHE» (-1X1 0 17 cm-3) ztifi 

f^ifreBMfti 1 2tc*ofc. si msttmzj: 

#Jl 0ffiW)M«3&*flq£Lfc. 

[0222] #4>n^^»fttU— 9 t <OS?-#14*fFfiit 
fct:*.»*4 05nm, IWWE4. 5V N L#V^ 
ffi«g£ 3 7 m AT'SrSaM^ffi Lfc . 

[02233 mi 3<7>nm&m) m 1 2commmmt 
mncDmm&Vf&mij'mzfo v . **®<o P - g a n 

3y^?Ml9«l TMG<^«&<7).*£f?± 
L. £ft&l£ft<8 0 O'CfclSijarfiiTrv'E-TflWft 

TT-g^ait. a^ias* J 8 o otfciiu^ry 

^^roffi*&Sr^ihL, CP 2 Mgtgf^'J7#X 

[0 2 24] t#f>n/;f I'^fiSI^P - G a N 3 
? hJf 1 90T^-br^«JSS:C-vaStc«fc 

£t l s ^ai-r h *> tttz mm 

zb, m%Mzfo^ay??hmmmm%ix, %=f-<r> 

tM£ttEA^3/ 5 (C&oft,, S I M SftmizX <0 . P 
CDMgtflFtiELtz. 

[0225] mhtifz^mtfci'-^cvm^mzmmL 

tztZZ, &*4 1 Onm. iM£1EE5. 5V, L#V> 

[0226] (* 1 4commmm) m 1 2cr>mmmt 

R^WJfcRtf JSBtfrifefcfc V , p - G a N 

u s«a&K#9 o ox:tS'j3*^-44Tr>'*-rffii& 
TTi«BWiL. ^Biasa^ 5 outset Lfcfery 

^TtOfttefcffjtU CP 2 MgfclM+^^X 
*«*&L*j6<4>7 5 0°C^-C'l O^-faft^L^fe^n 
-7l»ffl-r&. S«iflKa*7 0 OiCfcrSBtLJtfeC P 2 

[02 27] ftfeftfc3PFOft*ffi*)p-GaN3^ 
? hit 1 9<7)T^H:r^ilUgS:C-VS!l^i OfFfiL 
7ttC-?>, p-GaN3>^? hJll 9<7)®M:mzTV 
^-T^S: 3 5 0°C *<0fl!!«0KfW: 

<*>I-v«rtt£»«l,fci:C^ SCRACJt^a^^^ 



SlMSMti 1 ). p-GaN3y^;M 
1 9 wftftBStJiJBrtfflo*?; 2 0 fgOM s L£ . 

[0228] &bti*:¥mfti<'— r^m^nmwmL 

tz-tZb. ifcR407nnK ■Wt*«E4. OV, 

ffiicss 32mA x-m&mffiM L Jt . 
[0229] ±.m3mmtmm (m2~fgi4o^ 

ffiSS t -f 4 i fc iz X 0 , ffi v •> 3 y ? ? h ffita A^JgT' * 

[0230] ( m 1 5 comtmm > ±ie 3 mmmm 

(mi 2~3S 1 »J TtfXfcffl 

«at=M g srw^fia. BrsKasah-rsaiiE u-r * z t 

y r#*£jflv**4^ffcfc*?osjs 

^htzfsb^w^mtfi&^x'hh . 

[0231] mi e^mmmm) mi comtmm^ , 

MG, TMA, TMI), a^H-AVhl^ (Cp 2 
Mg, S i H 4 ) *fflVvtJBj£*-&. (It. pSfS^Sr 

[0 23 2] ft»p-GaN3y^7Ml9«± 
gglC, p-GaNt p- I n 0 . 2 Ga,,, NSr-eil-eiX 

«2 3*»«^-«. fflSpMOSt&^«JtS:^-r4®2 
3&J8tftfk* TMG<7)§t^<75^S:^±L. S^iSSSr-?- 
C7)44»»L, Ty^-TtfX, CP 2 MgJKJfffiRJf 
^'J7^5r2^«^tS. %<7mzCP 2 Mgc^ft 
^^ffiht. *«i&JgS:3 5 0'C4«aL. 3 50°C 

[0233] »^>ilfe¥3l«5l'- Ifffl^JiWa^O— »** 
MIBp -GaNtp - I n 0 . 2 Ga„. 8 NSr3c5(C»if 
Lfc»&?fl|jft* : rrifli2 3<3DS^ffi®*^nMGa 
N3^? hill 3tcaWS»$*T"F5>f x-yf-^ 

7YM1 3±.t,ztenmWM2 0tfj&f&Z1xX^&. £ 

mtt-thM2. 3±t=«m8£^<OJt^S i0 2 Ji2 

Ms i o 2 «2 iat/pi(o 
[0234] '&t>titz 2 mfti'— romm&zm&L 

tztZh. iS^4 0 5nm, tftf^®E4 . OV, L^V> 
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3 0 m A"C£iB3!«fft« Lfc . StS^«iSSr*-T 
£ piffle 9 hJB 2 3^mzJ: 9, ffl^rJV^h 

co235] m<r>mmm > *ssw«. msi 

«W*Lfcrr;i^-fo (DH) ^ottiftffcJpgffi&X 

m>^m^mm.^yy)v^ j fx3 < s h > 

[0236] *fe*»JHtt, SMIfllWMmttE^ffl^fcL 

[0237] , ±* -v y fc traasuwkrT 

/Urfy (A r ) W(He) <S<0?F«Stt^ Srffl 

[ o 2 3 9 3 snb. *mm. &m&c?>mmmLX'+ 

[0240] **>ffiL #f|nj!tt*tf>Bi , S:a6IBiL$rV*l 
[024 1] 

[ f&ftvtm 3 fcLfcBHH LtzXd KaWWHt i iitf . I 

n, Al y Ga z Bi-,-,-, N m P n Asi- m . n 2ri:<D 

m^mmmsgcomxmK wmz&tt&mmm&cow-iS) 

mcr>5i§lD.Tb%:&£ol l zLX^&. Ifc-oT , ^a^n® 

ttt»^>«Mi&«mrC« . fiJBtt* J: 0 l*LL3 *6 

[0 2 4 2] pSft'6* i Ni*«SrlSft-r*IR<0 
jf^ij7^^CO, C0 2 tfOiSJg-^Hi <7)?gJg. Jg 



*c-i6i_h-r * . pfflim^fc^^y^^ hiatal® 

[0H<7)1S*^^] 

[02 3 S§ 1 wSQBBJBCfcftSas^^rrtWiftK*** 
JtWl^^^amf* b &M LT*rf 0. 

[H3 3 mmtmmiz&v&mmmmvmftttttT 4 

xT^-±.f,zm^Ltz^wm^<m^. 

[H4 3 tHi^M?g«tc*i(t-i>s*-aug«offirt^ ; ffi^T^ 

[05 3 lild(BKBfe:*itt4**aiK<0ffiF«i^*'r 

[063 i^isit^'it & imffis&mfttim * r 4 

[07 3 J:b«fl?iJ^i3(t-2>^iUK^ffil*I^ (ai§ 1 0 
0 n m ) Srx-r X7l/-±t:^ Lfc+ISHIIM**)^ 
X. 

[08 3 JtKfiaJKfefti^RaiK^Birt^^^^^T- 

[093 immizt3if^mmm<om^^f ^ xr 

[010 3 Jt^I^fettl.^ilS^tSl^^SrT-'-fX 
[0113 GaNJSK=*J»t4«*iaK<0^x^ffirt^ 
i-0. 

[012 3 GaN«fc:tJft4jRftiftK^)fi£«iaK«c»tt 

^a^^f y r t ^ y r t t-itis lt^ 
[013 3 pS^Mfc:*Jttftr^-fe7*^i*««o^iB 

K«f«ftt«:a«^+ y Ttfxbfcm** y r^hTJt 

KLT^-T0. 

[014 3 «8SaA«t=ffl^fe*t4GaAl NWCfcJt 

sa i «^<o^x^Nffirt^*a*^* ortfxbxm 

[015 3 SI20^)!fS^®^?» i i £ ^^-^tfjt2: 
^f8lr®0. 

[0163 w.3<nmmw.z^hm:y^ v<7)tm 

[017 3 IB5<7)|lteJB!BK:ffi6Sfl:!i*iaM|i*W* : FW 
lfjg^*-rBfr®0. 

[018 3 mmtmmiz&i,i&mziTftnyFim}wyg.-# 
if&mtebimLXTr^m. 

[019 3 P||«S»JBKtJtt4C -V»KIS**«*1: 
Jt^tT^t-0. 
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[02 0] HSOS»JBK*Jft6S3WHSS:*^0. 
[02 1 ] H3«fc»JBK*i»tft3SBflWc*^tBI. 

JRaW*«ME**«fiiiBI. 
[02 4] R9GttJBIBMC«{t«aGtXlBB. 

[02 5] ramfi»»tcijJt*ssB«jft3&5rrBi. 

[02 6 3 »7*>iat^fcffi*^ttl'-lF<aflMiS: 
i?rfBrffi0. 

[02 7] R99t7BSic«{t«ietXSEB. 
[02 8 ] njOlfflm{c&t?&Hft33HB. 
[02 9] HIQS»Jllk:*Jtt4SSgfll«*^Ca. 

[030] mmifo&mzt3ii&$amj8.£^-rffl. 
[03 i ] mscomtmmizi&z>*mfou--wmmw 

[03 2] PSQS»JBK:*i»t6t8tn^ia. 

[033] nmtmm^a»h^mm^^.-tm. 

[03 4] ^9C0HSBg®^-g»*^f*:^— tf^lfJtS: 
5Kt$rrS0« 

[03 5] mmmmiza » & Kjsieia . 
[03 6] mmmi&Miztui&wmxnm. 

[03 7] ^*<^ J ^fe^{*W--if^jtSr*-^st0 

[03 8] .mmcofmwmmz&ii&mzijftcowkfgft 

11, 3 1, 6 1, Sl-^r'fTSt 

12, 8 2-ryK-7"GaNTii 

13, 33, 62, 

14, 34, 9 1-nlA 1 GaNmgS&AJf 



15,3 5— GaNJCtf-f KJB 

1 6, 36, 6 6. 84. 9 3- I n G a N*g14Jl 

1 FJf 

1.8,. 38-pSA 1 G.a.N®S£i£AJf 
19. 41-pfGaN3y^?M 

2 0, 42, 56. 9 6-nitI 

2 1-S i0 2 1 

22, 43, 57, 9 7-piltffi 
23-SM 

3 2-A' 7 7ri 

37- GaNl 

38- rIA 1 GaNtSEftAS 
3 9-Sffi^GaN® 
40-plGaNl 

5 1-nI«2HSS i CIS 

5 2-tt£JI 

5 3-nIGaNl 

54-nII nGaN^T^l 

5 5-plGaNf 

63, 85-pIGaNl 

64. 87-pII nGaNJl 

6 5-nI I nGaNJl 
8 2a-GaNA' 7 77l 

8 6-nffiGaN«aSWJB 

9 2-7/' K — 7GaN#^ h'Jl 
94-pIGaN*M h'Jl 

9 5-pIA 1 GaN«8E£A J| 
98-nII nGaN (%ffit&&>) M 
9 9---S i Q 2 
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[019] 





as grown tTot^ t^as 


aiBWI-^UfcMg K — 7'GaN 
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HYDROGEN CARRIER GAS 




NITROGEN CARRIER GAS 
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